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This invention raiafes to the 

"«S5S ^11%^^gg^ ^<» «««P»«halat.) can be spun SS^T »* a 

«™c« fiber * ^ r c*.^^ ^"J*?^ ^^^^^^^7° *™ 
<**T°< the draw roller ^jj ^ ^^* be "* to a tenp^u"^^! 80 ^ * which the 
Polyester spinning processes Jn,f 00 C hl9her «he feed ri&t^lZl " Debw ,ha Tg or the 

''hasnowbeen^ndmatpoMtrirn^, , r08u "8 in yam which is of low quality 

a two-stage drawing prccess" w^T ^ 8) tera P htt «^s can be meS-en™ he* „-.* 

S ST^ 9 ? ' he "P"" filam8nte 10,0 a yam- 
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Amounts c< the deriv^e^^^^ 
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31 * dfaWn *^^d«w * a draw ratio at least " ™ , ^ * fess than 
, nme nrs»*a" '^^e,, subjected to a second draw ^ -me temperature *r«. ^ 
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Fiber Drawing Conditions 


Polymer IV (dl/g) 


0.88 


0.84 


00.76 


0.69 












Roll Temp. : °C 










Roll 2 


80 


B0 


DO 


on 


Roll 3 


95 


95 


95 


95 


Roll 4 


- 155 


155 


155 


155 


Roll 5 


RT 


RT 


RT 


RT 


Roll Speeds: m/min. 










Roll 2 


230 


230 


230 


230 


Roll 3 


310 


310 


404 


404 




Fiber Drawing Conditions (continued) 


Roll 4 


1020 


1165 


1089 


1089 


Roll 5 


1035 


1102 


1075 


1075 


First Stage Draw Ratio 


1.35 


1.35 


1.16 


1.76 


Second Stage Draw Ratio 


3.29 


3.29 


2.70 


2.70 



Fiber tensile properties are shown in Table 1 . 



TABLE 1 



Run 


I V. (dt/g) 


Yam Count (den.) 


Tenacity (g/den.) 


% Elongation 


1 


0.69 


1182 


1.51 


70.7 


2 


0.76 


1146 


1.59 


79.7 


3 


0.34 


1167 


2.03 


89.0 


4 


0.88 


1198 


2.24 


67.5 



Poly(lrimethylene terephthatate) of intrinsic viscosities 0.69 and 0.76 (Runs 1 and 2) have a second stage draw 
ratio only 1.53 greater than that of the first stage draw ratio, i.e. below the 2.2 minimum ratio of the present invention, 
and are included for comparative purpose. These comparative runs gave yam of inferior tensile properties compared 
with the yam of Runs 3 and 4 (which illustrate the Invention). These polymers were re-epun at a tower extruder tem- 
perature profile. Although they could be spun and drawn, the fibers had high die swelL When the fiber cross-sections 
were examined with an optical microscope, the 0.69 Lv. fibers swelled to a point that they were no longer triiobal in 
shape and resembled delta cross-sections. They also had relatively low tenacity. 
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Example 2 

Two-Slage Drawing of PTT Ffoecs 

0.66 Lv. pcfy(trimethytene terephthalate) was extruded into 72 filaments having triloba! cioss-saction using a fiber- 
spinning machine having take-up and drawing configurations as In Example 1 . Spin finish wee applied as in Example 
1. Extrusion and drawing condtfons were as toflows. 



Extnision Conditions 


Extruder Temperature Profile: 


Units 




Zone 1 


•c 


230 


Zone 2 


•c 


260 


Zone 3 


•c 


260 


Zone 4 


•c 


260 


Matt Temp. 


•c 


265 


Denier Control Roll Speed 


nvnun. 


230 
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It was observed during spinning and drawing that, when the first-stage draw ratio (between roils 2 and 3) was less 
than about 1 .5. and the second stage draw ratio was 2.63 greater than that of the first stage draw ratio (Le. in conformity 
with the present invention), as in Runs 5 and 6. there were fewer broken filaments and the tenacities of the filaments 
were generally higher than when first-stage draw was higher than 1 .5. When the first-stage draw was increased to 
5 greater than 3 and the second stags draw ratio was less than that of the first stage (i.s. ilkiatrativ of prior art spinning 
processes, and therefore included for comparative purposes; Runs 7, 6, 9, 10, and 11), ft was observed that the fibers 
had a white streaky appearance, the threadtlnes were loopy, and there were frequent filament wraps on the draw rolls. 
The process was frequently interrupted with fiber breaks. 

*0 Example 3 

Spinning. Drawing and Texturing Polyftrimethytane terephthalatel BCF to High Bulk 

The extrusion conditions in this experiment were the same as in Example 2. The fibers were spun, drawn and 
is wound as in Example 1 . They were then textured by heating the fibers on a feed roll and exposing the fibers to a hot 
air jet. The textured fibers were collected as a continuous plug on a jet-screen cooling drum. Partial vacuum was applied 
to the drum to pull the ambient air to coot the yams and keep them on the drum until they were wound. The yams were 
air entangled between the drum and the winder. The feed roll and texturizer air jet temperatures were kept constant 
and the air jet pressure was varied from 350 to 700 kPa to prepare pcly(trimethylene terephthaiate) BCF of various 
20 bulk levels. 

Drawing and texturing conditions were as follows. 



Drawing Conditions 


Roils 


Temperature, C 


Speed, m/min. 


Roll 1 


RT 


225 


Roll 2 


SO 


230 


Roll 3 


95 


264 


RolU 


90 


1056 


RolIS 


110 


1042 



Texturing Conditions 


Feed Roll Temperature, g C 


1B0 


Feed Roll Speed, nvmin. 


980 


Air Jet Temperature, *C 


180 


Interlacing Pressure, kPa 


70 



Yam bulk and shrinkage were measured by taking 18 wraps ol the textured yam in a denier creel and tying it into 
a skein. The initial length to ol the skein was 560 mm in English unit creel A 1g weight was attached to the skein and 
45 jt was hung in a hot-air oven at 1 30°C for 5 minutes. The skein was removed and allowed to cool for 3 minutes. A 50g 
weight was then attached and the length L, was measured after 30 seconds. The 50g weight was removed, a 4.5 kg 
weight was attached, and the length was measured after 30 seconds. Percent bulk was calculated as (Lq - L 1 )/L 0 
x 100% and shrinkage was calculated as (Iq - L^yi^ x 100%. Results are shown in Table 2. 

so TABLE 2 



ss 



Package No. 


Yam Count, den. 


%Bulk 


% Shrinkage 


T50 


1437 


32.6 


3.6 


T60 


1406 


35.7 


2.7 


T70 


1455 


39.4 


a2 


T80 


1500 


38.0 


3.6 
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TABLE 2 (continued) 



5 



Package No. 


Yam Count den. 


%Bulk 


% Shrinkage 


T90 


1525 


37.6 


4.1 


T100 


1507 


38.0 


as 



The experiment showed that pe4y(tnmethyJene terephthatate) BCF can be textured to high bulk with a hot air 
texturizer. 

10 

Example 4 

Carpet Resiliency Comparison 

,5 Poiy(trimethy lene terephthaJate) BCF yams were made in two separate steps: (1 ) spinning and drawing set-up as 

in Example 1 and (2) texturing. Extrusion, drawing and texturing conditions for the pcly(!rimethytene terephthalate) 
yams were as follows. 



20 



Extrusion Conditions . 


Extruder Temperature 


Units 




Zone 1 


•c 


240 


Zone 2 


•c 


255 


Zone 3 


•c 


255 


Zone 4 


•c 


255 


Melt Temperature 


"C 


260 


Pack Pressure 


kPa 


12800 



Drawing Conditions 




Units 




Roil 1 Temp ./Speed 


•C/m/min. 


RT/223 


Roil 2 TempVSpeed 


•C/m/min. 


80/230 


Roil 3 TempVSpeed 


•C/m/min. 


95/288 


Roll 4 TempVSpeed 


"C/m/min. 


150/1088 


Roll 5 TempVSpeed 


•C/m/min. 


TY/1000 



Texturing Conditions 




Units 




Feed Roll Temp. 


•c 


180 


Feed Roll Speed 


m/min. 


980 


Air Jet Temp. 


•c 


180 


Air Jet Pressure 


kPa 


630 


Interlacing Pressure 


kPa 


70 



55 The yam produced was 11 50 denier with 2.55 g/dan tenacity and 63% elongation. The textured yam was twisted, heat 
set as indicated, and tufted into carpets. Performances of the pory(trimethylene terephthalate) carpets were compared 
with a commercial 1100 denier nylon 66 yam. Results are shown in Table 3. 
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The heat-set yams were tufted into 680 g cut-pie Saxony carpets in 02 gauge, U.3nwnpfle height, and dyed 
with ofeperse blue 56 (without a carrier) at atmospheric boO into medum blue color carpets. Visual Inspection of the 
finished carpets dfccbsed that the poly(trirnethy<ene terephthatate) carpets (Runs 12. 13 and 14) had high bufc and 
excellent coverage which ware equal to or better than the nylon controls (Runs 1 5 and 1 6). Carpet resiliency was tested 
s in accelerated floor trafficking with 20,000 footsteps. The appearance retention was rated 1 (severe change in appear- 
ance), 2 (significant change), 3 (moderate change), 4 (sight change) and 5 (no change). As can be seen in Table 3, 
the poryftrimethylene terephthalate) carpets were equal to or better than the nylon 66 controls in the accelerated walk 
tests and in percent thickness loss. 

10 Example 5 

One-Step Processing of Po(y(trimethy*ene terephthalate) BCF Yam from Spinning to Texturing 

Poly(trimethylene terephthalate) (Lv. 0.90) was extruded into 72 triloba! cross-section filaments. The filaments 
is were processed on a line as shown in Figure 2 having two cold rolls, three draw rolls and double yam feed rolls prior 
to texturing. The yams were textured with hot air, cooled in a rotating jet screen drum and wound up with a winder. 
Urol NF 3278 CS (G.A. Gouiston Co.> was used as the spin finish. Texturing conditions were varied to make poly 
(trimethytene terephthalate) BCF yams having different bulk levels. Extrusion, drawing, texturing and winding concfi- 
tions were as follows. 



Extrusion Conditions 


Extruder Temperature Profiles 


Units 




Zone 1 


•c 


240 


Zone 2 


•c 


260 


Zone 3 


•c 


260 


Zone 4 


•c 


265 


Melt Temperature 


•c 


265 


Pump Pressure 


kPa 


25500 



Drawing Conditions 




Temperature *C 


Speed, m/min. 


Cold Roil 1 


RT 


211 


Cold Roil 2 


RT 


264 


Draw Fell 1 


50 


290 


Draw Roll 2 


90 


330 


Draw Roll 3 


110 


1100 



The yams were twisted, heat set and tufted into carpets for performance evaluation. Results are shown in Table 4. 



so 



ss 



10 



EP 0 745 711 A1 



is 



20 



2S 



30 



35 



3 



SO 



ss 



U H ^ 
o «J 66 

u ac 



© 
en 
m 
.* 

' c 

u 
r 
to 



C Qu 
M 

W • 

3 os 

±J (A 



a 

<y u 



5 a» 



o » 
oc a M 



0) H 
iH V 

i-i 

A 3 
CO Z 



in 
M 



O 
CO 



o 



en 



o 



to 

CM 



in 
n 



GO 

*n 



m 



CM 



CM 



CM 



Cft 
CM 



00 
CM 



CM 



o 

cn 



m 

CM 



to 



in 



o 



m 
*n 
*n 



o 
p* 
p* 



o 
p* 



o 
r* 



o 
o 
m 



o 



o 
m 



o 
m 

M? 



O 



O 
o 

fM 



o 

09 



o 
o 

CM 



O 



o 
tn 



o 
vn 



O 

CO 



*0 



o 



>1 
2 



to 
\0 

c 
o 



11 



EP074S711A1 

Example 6 

Effects of Draw Ratio and Rofl Temperature on Yarn Properties 



Polyflrimethytene terephthalate) (0.90 i.v.) was spun int 72 filaments with triloba! cross-sections using a machine 
as described In Example 5. Extrusion conditions were as follows. 



Extrusion Conditions 


Extruder Temperature Profiles 


Units 




Zone 1 


•c 


240 


Zone 2 


•c 


260 


Zone 3 


•c 


260 


Zone 4 


•c 


260 


Matt Temperature 


•c 


260 



The pofy(trimethylene terephthaiate) BCF yams and commercial nylon 6 and 66 yams were tufted into 900 g. 5/32 
gauge cut-pile Saxony carpets having 16 mm pile height They were walk-tested with 20,000 footsteps accelerated 
floor trafficking for resiliency and appearance retention comparisons. Roll conditions and results are shown in Table 5. 



12 



EP 0745 711 A1 





to 
to 
































s 


nylon 






























m 
cn 




to 
































10 


nylon 






























m 
cn 


IS 


m 


o 
in 


o 


o 

rH 


o 

OV 

eg 


o 
cn 
n 


ooot 


<n 
n 


m 

SO 
fH 


1000 | 


o 

fH 


o 
m 
to 


o 

rH 
CM 


cn 

tn 


1.92 


tn 
cn 


20 


MP 


O 

m 


O 

m 


o 

in 

rH 


o 

CJI 
CM 


o 
m 
m 


1100 


r* 
cn 


m 
to 

fH 


1100 


o 

01 
rH 


o 
m 
to 


O 
rH 

CM 


CO 

• 
m 
m 


2.26 


in 
cn 


2S 

m 

a 

30 9 




cn 


o 
m 


o 
o> 


o 

rH 


o 

CM 


o 
m 
en 


1150 


3.97 


m 
to 

fH 


1150 


o 

CJI 

r-l 


o 
m 
to 


O 
rH 
CM 


31.9 


cn 

•H 

• 

CM 


m 
cn 




CM 


o 
in 


o 

CA 


O 
fH 
•H 


o 
<n 

CM 


o 

CO 

m 


1100 


3.79 


in 
vo 

rH 


1100 


O 

<vt 

fH 


o 
n 
to 


O 
fH 
CM 


31.6 


O 
CM 


m 

CO 


OS 


rH 


o 
m 


o 
a\ 


o 

rH 
rH 


o 

01 
CM 


o 
n 
cn 


1000 


m 
»n 


m 
to 

rH 


1000 


O 

cn 

rH 


o 
m 
U? 


O 
rH 
CM 


fH 

to 

CM 


tn 
r* 

rH 


o 


40 




O 
o 






m/min. 


m/min. 


m/min. 




o 

o 


m/mln. 


-P 


(TJ 
Ob 


10 

a 

-X 


*» 


dP 




4S 

SO 
SS 


Sample: 


Roll 1 Temp. 


I Roll 2 Temp. 


1 Roll 3 Temp. 


| Roll 1 Speed 


| Roll 2 Speed 


I Roll 3 Speed 


I Draw Ratio 


1 Feed Roll Temp. 


| Feed Roll Speed 


I Texturing Jet Temp. 


(Texturing Jet Pressure 


I Interlacing Pressure 


X 

a 

0Q 


0) 

t7» 
a 

G 
•H 

u 

CO 


Walk Test Rating 



13 



EP 0 746 711 A1 



Claim 

1. A process for preparing bulk continuous fiber yam from poiy<trtmethytene terephthaiate) comprising: 

(a) mett-spinning poly (tnmethy ten e terephthaiate) to produce a plurai&y of spun filaments; 

(b) cooling the spun filaments; 

(c) converging the spun filaments trtto a yam; 

(d) drawing the yam at a first draw ratio within the range of 1.05 to 2 in a first drawing stage defined by at toast 
one feed roller and at least one first draw roller, each feed rofler being heated to a temperature less than 1 00*C 
and each draw roller being healed to a temperature greater than the temperature of said feed rofler and within 
the range of 80 to 150*C; 

(e) subsequently drawing the yam at a second draw ratio of at least 2.2 times that of the first draw ratio in a 
second drawing stage defined by (the last of) said first draw rofier(s) and at least one second draw roller, each 
second draw roller being heated to a temperature greater than said (last) first draw rofler and within the range 
of l00to200»C;and 

(f) winding the drawn yam. 

2. The process as claimed in claim 1 in which each feed roller is heated to a temperature wflhin the range of 40 to 65"C. 

3. The process as claimed in claim 1 or 2 in which the first draw ratio is within the range of 1.10 to 1.35. 

4. The process as claimed in claim 1 , 2 or 3 in which the second draw ratio is within the range of 2.2 to 3.4 times the 
first draw ratio. 

5. The process as claimed in any one of the preceding claims in which the pcly(trim ethylene terephthaiate) has an 
intrinsic viscosity within the range of about 0.S0 to about 1 .0 dl/g. 

6. Process as claimed in any one of the preceding claims wherein the drawn yam is submitted to a textu rising treat- 
ment 

7. The process as claimed in claim 6 in which texturing is carried out with an air jet at a pressure within the range of 
340 to 825 kPa 

8. The process as claimed in claim 6 or 7 in which the texturing step is carried out at a temperature within the range 
of 150 to 210 , C. 

9. A carpet the fibers ol which consist essentially of poly(trimethyiene terephthaiate) yam having a bulk greater than 
20 percent and prepared by a process as dlmed in any one of the preceding claims. 
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